Gut bacteria are known to affect immune cell development, but most intestinal lymphocytes have no direct contact with luminal bacteria. Two studies by Atarashi et al. and Sano et al. shed light on how bacterial adhesion can cue intestinal epithelial cells to direct differentiation of gut T cells.
The mammalian intestine houses millions of bacteria, which under homeostatic conditions cooperate with host cells to facilitate normal metabolism, immune system development, and pathogen resistance. This is largely conducted in a contact-independent manner via bacterial metabolites, since the majority of intestinal bacteria are non-adherent and do not cross the dense mucous layer that overlies the epithelium. For instance, short-chain fatty acids produced by certain bacteria in the lumen of the colon readily diffuse across epithelial cell membranes to be directly utilized by epithelial cells themselves or to instruct differentiation of gut immune cells, particularly regulatory T cells (Smith et al., 2013) . In addition, unique microbial molecular patterns, such as fragments of bacterial cell walls, are sensed by immune cells to trigger secretion of soluble factors and amplification of immune responses at sites of infection. At the interface between the microbe-rich lumen and the underlying immune-rich lamina propria, intestinal epithelial cells may therefore serve as major transmitters of microbe-derived immunomodulatory signals in the gut. In this issue of Cell, Atarashi et al. (2015) and Sano et al. (2015) now elucidate how bacterial adhesion to intestinal epithelial cells can direct the functional differentiation of gut Th17 cells.
Production of the cytokine IL-17, the defining characteristic of Th17 cells, has been shown to occur in CD4+ T cells in protective responses against several extracellular mucosal pathogens such as Candida albicans and Citrobacter rodentium (Conti et al., 2009; Mangan et al., 2006) . Indigenous gut bacteria are required to induce steady-state Th17 differentiation as evidenced by the near absence of Th17 cells in germ-free animals (Ivanov et al., 2009) . Through systematic colonization of germ-free mice with various bacterial isolates, GaboriauRouthiau et al. found commensal segmented filamentous bacteria (SFB) to be sufficient to activate various effector CD4+ T cell responses in the gut, particularly Th17 responses (Gaboriau-Routhiau et al., 2009) . By comparing the microbiota of Th17-sufficient mice (Taconic) to that of naturally Th17-insufficient mice (Jackson), Ivanov and coworkers simultaneously identified SFB as the major microbial determinant of Th17 induction in conventional Taconic C57BL/6 mice (Ivanov et al., 2009 ). However, it has remained unclear what characteristic of these microbes elicits IL-17 expression and how Th17 cells arise in the absence of pathogenic infection.
In this new study, Sano et al. (2015) utilized SFB-specific transgenic T cells and MHCII tetramers to track the maturation of SFB-specific CD4+ T cells temporally along the gastrointestinal tract after acute colonization. They observed that, while ''poised'' transgenic T cells expressing the Th17 master regulator RORgt could be found throughout the gut, they were most abundant in the small intestine ileum. The ileum was also the location with the highest level of SFB colonization, and it was only here that transgenic T cells robustly expressed IL-17. In their seminal study, Gaboriau-Routhiau et al. previously noted that the most robust cytokine induction occurred in colonization conditions that included SFB adherence to Peyer's patches (Gaboriau-Routhiau et al., 2009 ). Now, in elegant complementary studies, Atarashi et al. (2015) show this preferential IL-17 induction to be highly dependent on enhanced SFB adhesion to the small intestine epithelium, particularly the follicle-associated epithelium. By inoculating mice with a rat strain of SFB that is equally efficient at colonizing but unable to adhere to small intestine epithelial cells, they demonstrated that SFB colonization itself was not sufficient to induce Th17 cells in the absence of adhesion. They went on to establish that other adherent microbes (C. rodentium, EHEC, and C. albicans) are also able to promote IL-17 production and that this property is lost when these microbes are rendered non-adherent.
Ivanov et al. previously showed that Th17 induction was associated with increased expression of all three isoforms of serum amyloid A (SAA) in the terminal ileum (Ivanov et al., 2009 ). However, the vital role of epithelial cell-derived SAA expression in Th17 differentiation has only now been revealed. Using SAA-deficient animals and an in vitro Th17 differentiation system, Sano et al. (2015) determined that SAA was both necessary and sufficient to directly promote IL-17 production and proliferation in RORgt+ CD4+ T cells. Atarashi et al. (2015) , on the other hand, described SAA-dependent production of Th17-promoting cytokines by CD11c+ myeloid cells and an additional requirement for adhesion-elicited epithelial cell production of reactive oxygen species. Although neither study focused on the identification of the myeloid lineage responsible for these effects, other recent studies have uncovered a critical role for monocyte-derived CX 3 CR1 + cells in the generation of SFBspecific Th17 responses (Panea et al., 2015) . Additionally, the Littman group demonstrated that CX 3 CR1 + cell-derived IL1-b and IL-23 induces ILC3 production of IL-22 (Longman et al., 2014) . While both Sano et al. (2015) and Atarashi et al. (2015) identify a requirement for SFB-induced ILC3 production of IL-22 in potentiating SAA expression by epithelial cells, it is still unclear whether IL-22 is sufficient to prompt SAA-mediated IL-17 expression. It is therefore plausible that CX 3 CR1 + cells are uniquely reactive to SAAs, possibly by preferential expression of SAA receptors or lipoprotein particle receptors, and are thereby specialized to amplify epithelial cell SAA expression (via IL-1b) and contribute to Th17 induction. These Th17-inducing effects of SAAs may also be balanced by a possible regulatory role of retinol-binding SAAs (Derebe et al., 2014) , opening up the possibility that the nature of co-factors carried by SAA may influence regulatory versus effector T cell function in the gut.
Much like the sledgehammer forging steel (Leon Trotsky), it is possible that epithelial cells are exquisitely responsive to cytoplasmic perturbations induced by physical and mechanical cues. Hence, bacterial adhesion (the ''hammer,'' Figure 1) may shape downstream signaling, such as Stat3 phosphorylation (Sano et al., 2015) or C/EBPd upregulation (Atarashi et al., 2015) , via mechanotransduction mechanisms. Although neither the intracellular signaling pathways triggered upon bacterial adhesion nor the exact upstream events that lead to SAA secretion are fully understood, these studies define a new pathway of epithelial cell sensing of intestinal microbes and modulation of adaptive immune responses, highlighting the importance of local environmental cues in licensing effector cytokine production. This could have important implications to the physiological functions of Th17 cells in local control of pathogenic infections and systemic autoimmune responses. 
